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EVALUATION

This final technical report presents the work performed bythe Department of Industrial Engineering & Operations Research of

Syracuse University under contract F30602-78-C00083. The
significance of this work in relation to Air Force Technical
Objectives is that it presents an assessment approach and a set
of criteria for use in performing an evaluation of general
purpose computerized models and computer-hased modelling tools
after they have been developed by the model developers and
prior to their use by model users. The set of criteria
presented on this work may also he useful in helping to specify
to model developers what is expected of them by model sponsors.

L. THOMAS, iLt, USAF
Project Engineer
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INTRODUCTION

With the advent of the digital computer, computerized models

came into existence. Initially, these models were simple, were

developed by the model users themselves, and were used by research-

ers. Today, computerized models are simple to complex, are used

for a wide variety of purposes and applications covering the spec-

trum from their use in research to describe and understand phenomena

to their results being used routinely in day-to-day decision making,

and are frequently developed by model developers (builders) who have

no direct interaction with the model users or the users of the model's

results. Because of this later development, there now exists the

problem of ensuring the users of computerized models and their re-

sults that they can be used with confidence.

The modelling process, as described in texts and other publica-

tions (e.g., [8, 14, 151), includes the steps of model verification

and validation, i.e., ensuring that the model behaves as intended

and that there is an adequate agreement between the model and the

system (entity) being modelled for the intended usage of the model.

Thus one might believe that decision makers and model users should

have confidence in computerized models and their results. However,

model users and decision makers usually do not have confidence in a

model and its results until they have been convinced that it and its

results can be trusted. This usually requires, at a minirum, that

a model be thoroughly verified and validated and this process be
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adequately documented for the decision makers and model users. Un-

fortunately, as has been pointed out by Gass [3] and others, model

developers frequently do not provide adequate documentation on com-

puterized models for a variety of reasons. Thus, even if model de-

velopers have sufficiently verified and validated a model, it is

usually not adequately documented. Because of this lack of adequate

documentation, as well as the desire of the users of computerized

models and their results to ensure that computerized models have

been properly developed, a new field called model assessment or

model evaluation has evolved.I In general, model assessment is concerned with determining the

usability of a 'computerized model. This typically includes at least

determining that a computerized model has been properly developed

and correctly implemented on the computer, has the desired accuracy

necessary for the model's intended use, and has sufficient documen-

tation. As suggested in [6], the objectives of model assessment

can be quite varied and includes (1) determining the validity of

some specific past applications, (2) determining the validity of

some specific future application, (3) determining the areas or prob-

lems which a computerized model can contribute to, (4) suggesting

improvements in a model, (5) increasing credibility among model

users, and (6) testing the usability of a model by others than the

model developers. Various procedures and criteria have been used

and suggested for computerized model assessment. Gass gives a re-

view of them in [3). Usually a third or independent group or
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party, i.e., a group that Is neither the model developer nor the

model users, perform or is recommended to perform the model assess-

ment using some procedure or criteria. Unfortunately, however,

many assessments are performed without using any specified proce-

dure, criteria, or guidelines.

Research has recently begun in this new field of model assess-

ment which should lead to a clear set of alternative assessment ob-

jectives, an adequate set of procedures and criteria to be used in

model assessment, and a set of terminology that will help eliminate

the current inconsistencies in terminology. Some of the research

efforts are general [1, 10, 13], e.g., U.S. General Accounting

Office's Exposure Draft on Guidelines for Model Evaluation (5, 15];

however, most of the research is being directed towards how to assess

energy models (e.g., [3, 4, 7, 9]). In [3], Gass gives a review of

the current research and issues in model assessment.

It is the primary purpose of this paper to present an assess-

ment approach and a set of criteria to be used in performing an

evaluation of general purpose computerized models and computer-based

modelling tools after they have been developed by the model developers

and prior to their use by model users, e.g., system designers. Spe-

cifically, they were developed for assessing or evaluating general

purpose computerized models and modelling tools for use in the design

and evaluation of computer and information systems and subsystems,

e.g., computerized models of distributed systems and computer-

based modelling tools for designing data base systems. The proce-

3
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dure and criteria presented are flexible and can be easily used and

adapted for a wide variety of objectives and applications. They

are partially based on previous work, in particular [2, 3, 15].

The remainder of this paper is divided into three sections.

The next section presents the assessment procedure, the following

section the assessment criteria, and the last section the conclusions.

I
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ASSESSMENT PROCEDURE

The procedure suggested for assessing or evaluating general

purpose computerized models and computer-based modelling tools is

to use a third or independent party to perform the assessment using

a set of criteria. The assesor is to make subjective ratings on how

well each criterion is satisfied by selecting a numerical value be-

tween zero (0) and ten (10), with zero being the lowest and ten the

highest, for each criterion; make an overall recommendation on the

use of the computerized model or computer-based modelling tool; and

it make suggestions for improvements. The set of criteria to be used

by the assessor is to be specified by the sponsor of the assessment.

It is suggested that the set of criteria to be used in an

assessment be divided into categories by the assessment sponsor.

This author believes that the categories of Documentation, Software,

Validation, and Overall are appropriate for most assessments of

computerized models and computer-based modelling tools. The sug-

gested criteria for each of these categories are listed in Table I

and are discussed in the next section. Different categories and

criteria can be chosen by the assessment sponsor in using this

assessment procedure. Also, if the assessment sponsor desires, they

can require the assessor to make a subjective rating between 0 and

10 on how well each category is satisfied.

Regarding the suggestions for improvements, the assessment

sponsor can request that they be given by criterion, category, or

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I 5
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TABLE 1

Categories and Their Criteria

I. Documentation

A. General

B. Model

C. User Manual

D. Computer Program

II. Software

A. Verification

B. User Friendliness

C. General

III. Validation

A. Technical Validity

B. Operational Validity

C. Data Validity

IV. Overall

A. General

B. Specific Recommendation
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in general. The specifics of the overall recommendation is con-

tained as a criterion in the category of overall and will be dis-

cussed in the next section.

Prior to presenting the specifics of the criteria, a simpli-

fied version of the modelling process [11, 12] will be presented

to ensure a clear understanding of how certain criteria suggested

for inclusion in this assessment procedure relate to the modelling

process. Consider the basic elements of problem entity, conceptual

model, and computerized model, and their relationships as depicted

in Figure 1. The problem entity is the system (real or proposed),

idea, situation, policy or phenomena under analysis; the conceptual

model is a mathematical/logical/verbal representation of the problem

entity appropriate for a particular study, and the computerized

model is the conceptual model implemented on a computer. The con-

ceptual model is developed through an analysis and modelling phase,

the computerized model is developed through a computer programming

and implementation phase, and inference about the problem entity

are obtained by conducting computer experiments on the computerized

model in the experimentation phase.

In this paper we will view the model verification and valida-

- -tion steps in the modelling process as consisting of conceptual

model validation, computerized model verification, and operational

validity as depicted in Figure 1. We define conceptual model vali-

dation as determining that the theories and assumptions underlying

the conceptual model are correct, the modelling approach selected

7
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FIGURE 1. A simplified version of the Modelling Process.
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is appropriate, and the model representation of the problem entity

is "reasonable" for the intended use of the model. Computerized

model verification is defined as ensuring that the computer program-

ming and implementation of the conceptual model is correct. O0era-

tional validity is determining that the pertinent characteristics

of the model adequately represent the problem entity for a specific

use of the model. Data validity, also shown in Figure 1, is deter-

mining that the data necessary for model building and testing are

adequate and correct.



ASSESSMENT CRITERIA

In this section we discuss the set of criteria suggested for

use in assessing general purpose computerized models and computer-

based modelling tools. The criteria will be presented by the cate-

gories of Documentation, Software, Validation, and Overall. The

definition of each category and each criterion will be given as they

are presented. The assessor will mak~e a subjective rating between 0

and 10, with 0 being the lowest and 10 the highest, on how well each

criterion specified by the assessment sponsor is satisfied. Some

criteria require the assessment sponsor to supply certain specific

information when they specify their use.'I Specific details are not given in this paper on how an assessor

is to make the subjective rating for each criterion. The assessment

sponsor should usually specify to an assessor either how to make each

subjective rating or how to use the subjective rating scale. Examples

of how to use the subjective rating scale are (i) to use a threshold

value. e.g., 4, which divides the scale into unsatisfactory and

satisfactory range, or (ii) to divide the scale into groups such as

0-1 are unsatisfactory, 2-3 are poor, 4-6 are fair, 7-8 are good, and

9-10 are excellent.

* DOCUMENTATION

Documentation is the written, or otherwise recorded, informa-

tion or material presented with the computerized model or computer-

based modelling tool and is usually presented as a set of documents.

This author believes that for most assessments the documentation

4 should be divided into different classifications and an evaluation

10
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be made for each classification. The classification that this author

believes appropriate for most assessments are General. Model or

Modelling tool, User Manual, and Computer Program.

The assessment sponsor should specify for each document

classification whom they should be written for, e.g., high manage-

ment, technical users, non-technical users, or computer programmers,

and the evaluation made with respect to the users specified. The

assessment sponsor may specify, if appropriate, more than one type

of user for each document classification. If more than one type of

user is specified for a given classification, the assessment sponsor

must specify whether they want a separate evaluation for each type

of user, an overall evaluation for all users specified, or both, for

that documentation classification. For each document evaluation

specified by the assessment sponsor, the assessor should make an

evaluation and give a subjective rating between 0 and 10 on how well

the documentation satisfies the type(s) of users specified. The

specifics of each document classification or criterion will be dis-

cussed next.

1. General Documentation: The general documentation should

contain general information on the computerized model or computer-

based modelling tool and a description of the documents for that

model or modelling tool. This documentation would normally include

as a minimum the title of the model or modelling tool, the model's

or modelling tool's purpose, model sponsor, model developers, time

frame of development, man-power or dollar effort expended in its

development, type of model or modelling tool (e.g., interactive

simulation model), major model assumptions, model data requirements,

11



availability, computer language used, computer system requirements,

a description of the verification and validation performed, any

major use(s) of it, and a description of the documentation pro-

vided.

2. Model or Modelling Tool Documentation: The model or model-

ling tool documentation should contain all of the specifics of the

computerized model or computer-based modelling tool and should be

detailed in nature. Generally, this documentation would include as

a minimum, the type of model or modelling tool (e.g., queueing model

or simul ation), a detailed description of the purpose of the model

or modelling tool, all underlying assumptions, the theories used,I type of solution used, a detailed description of the model or models

used (e.g., model flowchart for a simulation model or equations of

an analytic model), data used in developing the model or modelling

tool, rationale for the modelling approach used, type of uses the

model or modelling tool is designed for, detailed information on

verification and validation, type of model accuracy expected with

range of applicability, data required to use the model or modelling

tool, computer languare used, mode of model or modelling tool usage

(e.g., interactive), computer system requirements (e.g., storage re-

quirement, computation time, and computer equipment), and adequate

references.

3. User Manual: The user manual should contain all the in-

formation required for the specified type of users to be able to

use the computerized model or computer-based modelling tool after
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it has been implemented on a computer. This documentation would

typically include, as a minimum, how to use the model or modelling

tool in its various modes for different types of applications, the

human-computer interfaces for its various modes (e.g., batch with

the appropriate card statements), the type of data required and

how to put it into the computer system, how various studies can be

made using the software (e.g., sensitivity studies), how to use any

analysis tools provided (e.g., statistical analysis), how to use

any report generation capability, and specific examples that a user

can reproduce.

4. Computer Program Documentation: The computer program

documentation contains all of the documentation on the computer pro-

gram and how to implement it on a computer system. This documentation

would normally include, as a minimum, program flowcharts of various

levels (macro to detail), documentation of the computer code, iden-

tification of computer code that is computer machine dependent, the

type of computer language used, the availability of the program,

specific verification procedures performed, how to implement the

computer program on a computer system, and the computer system re-

quirements such as storage and equipment required.

SOFTWARE

The category Software is concerned with the computerized model

or computer-based modelling tool software. This author believes that

the three criteria of Verification, User Friendliness, and General

13



are appropriate for most assessments. For each software criterion

specified by the assessment sponsor, the assessor is to make a

subjective rating between 0 and 10. The specifics of each cri-

terion are discussed below.

1. Verification: Verification is determining that the con-

ceptual model was programmed and implemented in software correct-

ly. This is ensuring that the step called computerized model veri-

fication in the modelling process presented above was performed

Fcorrectly. Verification assessment can be conducted at various

indepth levels, at least in theory; but this author believes that

most assessments would be performed only at one of three levels.

One level is to only review the verification performed by the

model developers; a second level is to review the verification

performed by the model developers and to perform dynamic testing

(analysis) [121, i.e., run the model under various conditions or

use the modelling tool for different cases; and a third level is

to review the verification performed by the model developers and

to conduct indepth verification studies, e.g.., performing static

and dynamic analysis (testing) or reprogramming critical parts

of the computer program. The assessment sponsor should specifyI

the level of verification assessment desired, and any specific

verification techniques that must, as a minimum, be performed by

the assessor.

2. User Friendliness: User friendliness is determining how

easy it is to use the computerized model or computer-based modelling

tool software. This considers evaluating at least the following:

14



ease of understanding input requirements; ease of putting in input,

e.g., manually using cards or terminal, using a data base, or using

some type of computer interface; ease of using interaction media,

e.g., batch or terminal; ease of understanding output; ease of ob-

taining desired and necessary output in desired form and formats;

ease of generating reports; and overall ease of using the software.

3. General: The software general criterion is to evaluate

all of the aspects of the software except for verification and user

friendliness. This includes, as a minimum, the storage requirementI of the software, the computational efficiency of the software, the

computer system requiremenits for the software, the portability of

the software, maintainability of the software, ease of software

implementation, computer language(s) used, and whether good program-

ming techniques (e.g., structured programming and program modularity)

were used. The assessor would make the subjective rating for this

criterion considering all of these factors.

VALIDATION

Validation consists of ensuring (1) that the general purpose

computerized model or computer-based modelling tool is technically

correct and can provide an adequate agreement between the type of

systems or problem entities for its intended use, (2) that for each

specific application of the model or modelling tool, an adequate

representation of the model or modelling tool was obtained, and (3)

15



that the data used are correct and adequate. Because this assess-

ment criteria are f or general purpose models and modelling tools,

the criteria are divided into two groups: General and Specific.

The General group contains only one criteria and is called Techni-

cal Validity. The Specific group contains two criteria, operational

Validity and Data Validity, and they are used for specific applica-

tio ns of the model or modelling tool. The assessor makes a subjec-

tive rating for each of the two specific criteria for each applica-

tion the assessment sponsor specifies to be assessed. The assess-

ment sponsor must specify what type of validation is to be perform-

ed, e.g., only technical validity, technical validity and various

specific assessments, or only a specific assessment. Each of the

criterion will be discussed next.

1. Technical Validity: Technical validity is determining

that the conceptual model is technically correct, i.e., ensuring

the validity of the conceptual model, and that the computerized

model or modelling tool can provide an adequate agreement between

the type of systems or problem entities for its intended use.

This usually includes, as a minimum, determining that the data

and information used to develop the conceptual model are correct

and adequate; any data transformations, e.g., aggregation, used

are correct; the modelling approach selected is appropriate; the

assumptions, theories, and hypotheses underlying the conceptual

model are correct; the numerical computations made in the computer-

ized model have sufficient accuracy; and the computerized model or

16



modelling tool can provide the desired accuracy with respect to

the type of systems and problem entities that its use is intended

for. It is expected that the assessor will exercise (run) the com-

puterized model or computer-based modelling tool and use various

validation techniques [11, 12, 14] in this evaluation, e.g-, use

face validity, perform sensitivity analysis, and make comparisons

of model output to known results, e.g., using known results from

simple analytical models, if possible. The assessor will, upon

completion of the evaluation, make a subjective rating for tech-

nical validity.

2. Operational Validity: Operational validity is determiningI whether or not the computerized model or computer-based modelling

tool in a specific application is providing an adequate representa-

tion of that system or problem entity for its intended use. In a

specific application, parameter values will have to be entered into

the computerized model or computer-based modelling tool to have that

model or modelling tool represent that specific application. Thus,

an assessor must ensure that the parameter values selected are cor-

rect.

Various levels or depths of operational validity assessment

are possible and what is desired by the assessment sponsor should

be specified. This author believes that the level of assessment

desired would usually either be (1) to review what the model developers

have performed, (2) to review and replicate what the model developers

have performed, or (3) to perform an indepth operational validity

Etudy using the appropriate validation techniques r11, 12, 14]. up-
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on the completion of this evaluation, the assessors will make sub-

jective rating.

3. Data Validity: Data validity is concerned with determin-

ing whether the data used in a specific application of the compu-

terized model or computer-based modelling tool are correct. This

consists of evaluating (1) the data used to obtain the values of

the model or modelling tool parameters and (2) the data used to per-

form operational validity, e.g., input-output comparisons for vari-

ous experimental frames [12, 16].

OVERALL

The Overall category consists of making an overall subjective

rating of the computerized model or computer-based modelling tool

and making a specific recommendation regarding its use.

1. General: The general criteria is used to make a subjective

rating of the computerized model or computer-based modelling tool

considering all of the previous subjective ratings and any addition-

al factors that the assessor be-'eves appropriate.

2. Specific Recommendation: The specific recommendation

is for the assessor to make a specific recommendation to the assess-

ment sponsor regarding the computerized model or computer-based

modelling tool. The assessment sponsor should provide a list of

alternatives for the assessor to select from. A typical list might

be:

18



(1) Should not be used by any one;

(2) Should only be used by highly qualified technical

analysts and with caution;

(3) Should only be used by highly qualified technical

analysts;

(4) Can be used by any analyst but with caution;

(5) Can be used by any analyst;

(6) Can be used by any nontechnical individual but with

caution;

(7) Can be used by any nontechnical individual;I(8) Can be used by anyone and is an outstanding model or

modelling tool.

19



CONCLUSIONS

In this paper, a flexible and adaptive assessment procedure

and a set of assessment criteria were presented for use in having

assessments conducted of general purpose computerized models and

computer-based modelling tools. Basically, the procedure requires

the use of a third party to make subjective judgements on a set of

criteria specified by the assessment sponsor and to make an overall

recommendation on the model or modelling tool use. The set of

criteria presented may also be useful in helping to specify to

model developers what is expected of them by model sponsors.

.4
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